As small molecules that aid in posttranscriptional silencing, microRNA (miRNA) discovery and characterization have vastly benefited from the recent development and widespread application of next-generation sequencing (NGS) technologies. Several miRNAs were identified through sequencing of constructed small RNA libraries, whereas others were predicted by in silico methods using the recently accumulating sequence data. NGS was a major breakthrough in efforts to sequence and dissect the genomes of plants, including bread wheat and its progenitors, which have large, repetitive and complex genomes. Availability of survey sequences of wheat whole genome and its individual chromosomes enabled researchers to predict and assess wheat miRNAs both in the subgenomic and whole genome levels. Moreover, small RNA construction and sequencing-based studies identified several putative development-and stress-related wheat miRNAs, revealing their differential expression patterns in specific developmental stages and/or in response to stress conditions. With the vast amount of wheat miRNAs identified in recent years, we are approaching to an overall knowledge on the wheat miRNA repertoire. In the following years, more comprehensive research in relation to miRNA conservation or divergence across wheat and its close relatives or progenitors should be performed. Results may serve valuable in understanding both the significant roles of species-specific miRNAs and also provide us information in relation to the dynamics between miRNAs and evolution in wheat. Furthermore, putative development-or stress-related miRNAs identified should be subjected to further functional analysis, which may be valuable in efforts to develop wheat with better resistance and/or yield.
INTRODUCTION
Next-generation sequencing (NGS) has tremendously boosted the genomics studies in the past few years providing massive amount of sequence information for several lines of subsequent research. The development of NGS platforms including 454 Roche, Illumina-Solexa, ABI SOLiD and relatively recent Helicos and Ion Torrent has reduced the cost and time of sequencing to a level that was not possible with dideoxy Sanger sequencing. Hence, the widespread use of NGS has resulted in a substantial development in related research, which was previously labor-intensive, tedious and incomplete [1] [2] [3] [4] . NGS was a breakthrough in genomics and has been a fundamental tool in efforts to unravel the genomes, especially of plants with large, repetitive and polyploid genomes [1, [4] [5] [6] . Several crops of major economic importance, including bread wheat, Triticum aestivum [7] , and its progenitors, Triticum urartu [8] and Aegilops tauschii [9] , have complex genomes, and efforts to sequence these genomes have notably benefited from NGS technologies, as well as the Hikmet Budak is a PI in Plant Genetics and Genomics at Sabanci University, Istanbul, Turkey, and is a coordinating committee member of the International Wheat Genome Sequencing Consortium and European Triticeae Genomics Initiative. Melda Kantar and Zaeema Khan are PhD candidates in Sabanci University, Biological Sciences and Bioengineering program.
recently developed chromosome flow sorting technique, which reduces the complex genomes to a manageable size [10] [11] [12] . It is important to note that utilization of different NGS platforms, 454 Roche, Illumina-Solexa and ABI SOLiD, have different advantages and disadvantages. Thus, largest output with the lowest sequencing cost is acquired by Illumina-Solexa, whereas ABI SOLID yields the highest accuracy, yet sequencing runs with this platform require a longer time. The length of reads obtained by Illumina-Solexa or ABI SOLID platforms is short. However, 454 Roche results in high read length, which improves mapping in repetitive regions/genomes, and can be performed in a short period. Yet, its reagents are expensive, the output data for a run is low-throughput and it has a high error rate. Readers are directed to some recent reviews for further information on pros and cons of NGS platforms [2, 13] .
Another contribution of NGS has been to the field of transcriptomics, including identification, characterization and quantification of small noncoding RNA molecules [14] . An important subclass of these molecules, microRNAs (miRNAs), 21-22 nt long RNAs, derived from stem-loop structures, are known to be major players in posttranscriptional gene regulation. They were shown to be involved in the development and stress responses of numerous crops, such as maize [15, 16] , cotton [17] , barley [18] , sorghum [19] , rice [20] and most importantly, wheat [14, 21, 22] . In recent years, small RNA profiling as well as gene discovery of small RNAs has been extensively carried out in wheat by the use of NGS platforms [23] . Ongoing studies on wheat miRNAs and their relation to plant responses to adverse environmental factors will prove beneficial in improving this crop [4] . This article gives an outline of the recent advances in wheat miRNA identification, with the availability of the wheat draft genome, and further discusses the current status of research in relation to the roles of miRNAs in development and stress.
WHEAT miRNA DISCOVERY THROUGH NGS
NGS technologies have proven to be beneficial for both of the two basic approaches for miRNA identification: (i) small RNA sequencing and selection of miRNAs among the small RNA pool with further bioinformatics analysis and (ii) miRNA prediction from an available genome/transcriptome sequence data via computational means.
Small noncoding RNAs in the low-molecularweight total RNA fraction of plants as well as animals were detected before the development of high-throughput sequencing techniques [24] . Subsequently, Illumina, SOLiD and Roche 454 platforms manifested that they had the optimal features for short-read sequencing and small RNA detection [25, 26] . Thus, construction and sequencing of small RNA libraries, coupled with bioinformatics analysis for miRNA prediction, is currently the most powerful experimental method for miRNA identification [21] . miRNAs were discovered with this method in wheat grown under normal conditions [14, 23, 27, 28] , as well as under biotic stress caused by pathogens, Puccinia [29] or powdery mildew [30] ; and under abiotic stress due to drought [31] , extreme heat [30] , cold [32] , salinity [29] or phosphorus deficiency [33] . In some of these reports, wheat miRNAs were discovered via sequencing with Illumina-Solexa platform [23, 27, 30, 32, 34, 35] , while in others 454 Roche platform was used [23, 28, 36] .
A low-cost alternative for miRNA discovery, applicable for species with available sequence data, is direct computational identification based on the consistency of secondary structures of available sequences to predefined or newly set pre-miRNA stem-loop characteristics. Currently, there are two major methods for miRNA prediction, each of which is progressively improved by several researchers: (i) homology-based method for conserved miRNA identification, which takes into consideration the sequence conservation of mature miRNAs across species, as well as consistency of pre-miRNA secondary structures to previously established rules, and (ii) algorithms developed for novel miRNA prediction, which use support vector machine to define a set of characteristics of pre-miRNA stem-loops from empirical data, which is subsequently used for in silico miRNA identification. Although the pioneer reports of computational miRNA discovery exploited partial sequence dataexpressed sequence tags (ESTs) or genomic survey sequences [37] -in recent years, these techniques have also been applied on whole genomic and/or transcriptomic sequence data, accumulating with the widespread use of NGS [38, 39] .
As above mentioned, to date, studies in relation to bread wheat miRNA discovery have basically adopted either small RNA library sequencing or computational methods followed by verification of miRNA expression [14, 18, 21-23, 27, 28, 30, 32, 34, 36, 39-46] . Thus, currently, there are 233 known wheat miRNA families, 158 of which were also verified with experimental techniques (Supplementary Table 1 ).
IN SILICO WHEAT MIRNA DISCOVERY USING WHOLE GENOME OR CHROMOSOME NGS SEQUENCES
In silico miRNA discovery using whole genome, chromosome or chromosome arm-specific NGS data is currently the most sensitive known method in miRNA identification because it holds the advantage of identifying miRNAs that are expressed at very low levels or under very specific conditions, which can be skipped by expression-based methods: sequencing of small RNA libraries or computational miRNA identification using expression-based sequence data (ESTs, transcriptome assemblies).
To date, several researchers have exploited sequence data of genomic origin in their efforts to identify wheat miRNAs computationally. A number of these studies were performed with a focus on individual chromosomes or chromosome arms. In these reports, NGS data generated during a collaborative effort to sequence huge, repetitive and complex wheat genome by a chromosome-by-chromosome approach were used (International Wheat Genome Sequencing Consortium, www.wheatgenome.org) [46] . A total of 454 low coverage survey sequences of flow-sorted chromosome arms were used to identify miRNAs from 1AL, 4A and 5D with the homology-based method, while an assembly constructed from 454 reads was used for the same procedure in the case of chromosome 5A and 6B. It is important to note that 454 sequencing enables direct computational miRNA prediction from reads because of the long length of reads received. Different chromosomes were observed to harbor an extent of miRNA variety and content. 4A and 5D chromosomes were miRNA rich, corresponding to 68 and 55 miRNA families, respectively, whereas 1AL (14 miRNA families) and 5A (16 miRNA families) contained less miRNAs. Furthermore, long arms of chromosomes 4A, 5A and 5D had a slightly higher variety and representation of miRNAs, in comparison with their short arms. Several miRNAs predicted for these three chromosomes were shown to be common to both arms of the same chromosome, revealing the presence of separate gene clusters of the same miRNA in both arms. It is important to note that in all chromosomes studies (1AL, 4A, 5A, 5D and 6B), miRNA coding stemloops were found to be rich in Class II transposons, especially MITES, TcMar and CACTA elements. Overall, chromosome-specific NGS data have provided valuable information in relation to subgenomic analysis of wheat miRNAs [22, 43, [45] [46] [47] .
In addition to chromosome-focused miRNA studies, recently, with the availability of 5X coverage [7] , T. aestivum L. 454 whole genome sequence, a systematic homology-based prediction of a complete catalog of wheat miRNAs was performed, revealing 52 putative miRNAs, of which 7 were previously unpublished. It is important to note that the final number of miRNAs predicted in this study is lower than what can be expected for the whole wheat genome. This can be due to the elimination of miRNAs corresponding to only transposable element (TE)-related stem-loops in this research from the final dataset to avoid the presence of any false-positive pseudo-miRNAs in an effort to increase specificity of the method. Furthermore, in this study, Kurtoglu et al. showed that the variety and representation of miRNA coding stem-loops were higher in the intergenic regions in comparison with genic regions by distinct identification of miRNAs from two different assemblies, low copy number and orthologous group, representing the overall genome and gene-rich regions, respectively. Moreover, this study also confirmed previous chromosome-focused studies, in relation to the predominant repeat classes and subclasses in the miRNA coding stem-loops. Altogether, in silico methods using recently accumulating sequence data of genomic origin, either of single chromosomes or the whole genome, were used to dissect wheat miRNAs in detail, both in the subgenomic and overall genome levels [21] .
CONSERVED miRNAs IN WHEAT RELATIVES AND PROGENITORS
Among annotated plant miRNA genes, some are known to be deeply conserved across different plants, whereas others are 'young', which are thought to be family-or species-specific, based on the current knowledge on plant miRNAs. These 'young miRNAs', which have emerged recently in evolution, can be significant in terms of their speciesspecific functions. Yet, it is important to note that the overall sequence information, hence, the whole miRNA repertoire of most crops, including wheat, is currently not known. Therefore, up until now, research on miRNA conservation and divergence across plants has only yielded partial results. In a related recent study, among barley miRNAs identified with small RNA profiling, five were found to have wheat homologs. However, it can be anticipated that more miRNAs, yet to be identified, are conserved between barley and wheat, two closely related species [36] . In a similar research, miRNAs of Brachypodium distachyon, another species closely related to wheat, were identified by small RNA profiling, and only two Brachypodium miRNAs (miR911T and miR922T) were found to have wheat homologs [48] .
Apart from the identification of miRNA homologs across wheat and its closely related species, an even more important matter is miRNA conservation and divergence between hexaploid bread wheat (T. aestivum) and its close relatives, both in terms of understanding miRNA evolution and deciphering stress-related roles of species-specific miRNAs exploiting information from stress-resistant wild wheat progenitors. Thus, a number of groups have focused on miRNA identification in hexaploid bread wheat relatives: a genome progenitor, wild einkorn wheat (T. urartu); D genome progenitor, goat grass (A. tauschii) and wild emmer wheat (Triticum turgidum dicoccoides) [8, 9, 31] . In such a study, a microarray platform was used to identify miRNAs and monitor their expression fluctuations in drought-tolerant T. dicoccoides genotypes in response to shock drought stress [31] . Also, miRNAs were reported for wheat progenitors, A. tauschii and T. urartu, in two recent studies, along with their draft genome sequences. In these research, 344 (160 families) and 436 (116 families) miRNAs were discovered in A. tauschii and T. urartu, respectively, by small RNA profiling [8, 9] . In one of these reports, comparison of miRNAs in T. urartu with those of five monocots and dicots has shown that 73 miRNA families were monocot-specific and 23 others were T. urartu-specific [8] . Furthermore, in the other study, comparison of conserved A. tauschii miRNA gene families with their rice and maize counterparts has revealed that some miRNA gene families (i.e. miR399 and miR2275, etc.) have expanded during evolution having more members in Aegilops. These expansions are thought to account for the plant's ability to strive in low nutrient conditions and its enhanced resistance to biotic and abiotic stresses [9, 49, 50] . Besides, novel progenitor-specific miRNAs identified in these studies were also observed to contribute to species-specific characteristics of these plants. Target of miR5050, a T. urartu-specific miRNA, was shown to be responsive to cold, whereas some targets of novel A. tauschii miRNAs were observed to be related to disease resistance [8, 9] . Furthermore, in an miRNA evolution-oriented research performed by our group, assessing the effect of polyploidization on miRNA loss and emergence in the subgenomic level, 5D chromosome miRNAs of Aegilops and T. aestivum were compared. Of 55 wheat and 56 Aegilops miRNAs, predicted by the homology-based computational method from 454 reads, 45 were observed to be conserved, showing comparable representations, in both species. Mature miR5523 was shown to be specifically expressed in Aegilops but not in wheat, although its coding regions were present and its pre-miRNA expression was evident in both of the species. Expression levels of four miRNAs (miR5523, miR5175, miR5205 and miR167) were shown to be responsive to drought: miR5523 in Aegilops and others in both of the species. Furthermore, distinct species-specific modes of regulation in response to drought were observed in the case of two miRNAs (miR167 and miR5175) [H.Budak et al., unpublished data]. Overall, with the Poaceae sequence, thus miRNA data, vastly accumulating in recent years, interspecies miRNA comparisons have been performed to some level, revealing both conserved and species-specific miRNAs. However, in the near future, an overall knowledge of grass miRNA repertoires will enable us to perform a more comprehensive dissection of miRNA conservation and divergence across wheat and its close relatives or progenitors.
miRNA STUDIES IN RELATION TO DEVELOPMENT OR STRESS
Studies have shown that miRNA expression is tissueand/or developmental stage-specific and is highly regulated with environmental conditions, including stress. Spatiotemporal expression of miRNAs under different conditions can be tracked with highthroughput profiling methods: (i) cross-species miRNA microarrays or (ii) small RNA library clone sequencing. Further expression monitoring of specific miRNAs can be performed via techniques including Northern blotting or quantitative realtime polymerase chain reaction (qRT-PCR). To date, studies in relation to wheat miRNA expression have basically adopted small RNA sequencing, Northern blotting or qRT-PCR methodologies [51, 52] .
miRNAs IN DEVELOPMENT
A major focus of miRNA research has been determining the role of specific miRNAs in development because the proteins currently known to be fundamental to miRNA biogenesis and effector pathways (dcl1, hen1, hyl, se, hst, phb and ago1) were initially identified during genetic screens for developmental defects in pleitropic phenotypes. Yet, in wheat, a plant difficult to transform, the functions of specific miRNAs in development are still unclear. Still, there is still accumulating spatiotemporal wheat small RNA expression evidence from which we can infer function [51, 52] .
Recently, tissue-specific and developmental timing-specific expressions of wheat small RNAs were monitored and reported by a number of groups, through the construction, sequencing and evaluation of small RNAs [34] [35] [36] . In such a study, distinct small RNA pools of several wheat tissues [seedling leaves, seedling roots, young spikelets and grains at 8 and 15 days after pollination (DAP)] were revealed. Yet, this research focused mainly on the analysis of small interfering RNAs (siRNAs), reporting that 24 nt TE-associated siRNAs were relatively abundant in the developing grains. This finding is significant being in line with the view that siRNAs have a role in RNA-directed DNA methylation in the endosperm [35] . In a parallel study, Meng et al.
showed that the abundance of miRNAs also change through post-pollination developmental stages. In this research, miRNAs of 5, 15, 25 and 30 DAP grains were identified, and 104 were discovered to be potentially involved in the developmental regulation of grain-filling [34] . Overall, these studies have revealed a number of grain-specific or postpollination development stage-specific small RNAs. On the other hand, another recent research has focused on monitoring small RNA pools at the pre-pollination period: during anther development. The study was performed on the 'thermosensitive genic male sterile' (TGMS) wheat lines, for which male sterility is known to be affected by low temperatures during pollen formation. Small RNA sequencing verified by qRT-PCR revealed six miRNAs and one transacting siRNA (tasiRNA), responsive to cold stress, two [miR167, tasiRNA-ARF (auxin responsive factor)] of which had also roles in the auxin signaling pathway. This research provided evidence for the small RNA-mediated regulation of pollen development, affecting male sterility under cold stress [32] . Overall, it is important to note that aforementioned small RNAs that show fluctuations in their expressions during the pre-or post-pollination developmental stages are valuable candidates in efforts to increase the grain quality and yield of bread wheat.
miRNAs IN STRESS CONDITIONS
miRNA-mediated regulation of gene expression has been linked to plant responses to environmental conditions, including biotic and abiotic stresses. Developing stress-tolerant cultivars is anticipated to vastly benefit from identification and characterization of stress-related miRNAs. Thus, to date, the expression levels of wheat small RNAs in response to stresses were monitored, and furthermore, a number of studies have provided direct functional evidence for the stress-related roles of specific miRNAs [51, 52] .
Biotic stress
Plants have diverse mechanisms to recognize pathogen attack and trigger defense responses, which alter the cellular functions of the host. miRNAs, being one of the key regulatory components of cellular function, have been shown to take part in signaling defense pathways. To date, several putative biotic stress-related miRNAs were identified via expression profiling. Additionally, for a number of miRNAs, direct evidence for their biotic stress-related functions was provided.
Wheat stripe rust is one of the most destructive wheat diseases worldwide, and the role of miRNAs in host response to this disease has recently captured great attention. In a related study, small RNA pools of samples taken from wheat lines with differing susceptibilities to Puccinia striiformis f. sp. tritici were assessed in two different stages of fungus infections (early and late). Moreover, to understand the mechanism of miRNA-regulated cellular functions during infection, eight different miRNAs (miR159, miR164, miR167, miR171, miR444, miR408, miR1129 and miR1138) involved in three independent cellular defense responses to infection (hormone signaling, lignin biosynthesis and regulation of protein biosynthesis) were further investigated. All of these miRNAs transiently accumulated in the early stage of infection, indicating their possible roles in the hypersensitive response (HR). Moreover, the expressions of these miRNAs were shown to have observed to be less in the more resistant cultivar, suggesting that the triggering of distinct host defense response pathways in cultivars with different susceptibilities may be due to miRNA-mediated regulation of the R gene [41] . Following this research, a number of studies by Feng et al. also provided direct evidence for the function of specific miRNAs and/or their targets in cellular responses to Puccina infection. In one of these reports, virusderived siRNAs (vsiRNAs) generated from pri-taemiR159a was transduced to wheat and observed to play a positive role in resistance to Puccina through the regulation of TaMyb3 expression [53] . In three other studies, TaCLP1 (chemocyanin-like protein), TaNAC21/22 (transcription factor from NAM subfamily) and TaMDHAR (monodehydroascorbate reductase) were cloned and characterized. They were also confirmed to be the targets of wheat miRNAs, miR408, miR164 and PN-2013, respectively, via degradome sequencing and co-transformation to tobacco leaves. In response to infection, all miRNAs were shown to have contrasting divergent expression patterns in relation to their targets. Furthermore, knockdown of TaMDHAR and TaNAC21/22 resulted in improved resistance to Puccina, whereas decreased resistance was observed in TaCLP1 knockdowns. Overall, these reports point out that miRNA pathway plays an important role in host response during stripe rust, especially during HR. Furthermore, miR159 as well as the targets of miR408, miR164 and PN-2013 are some of the major players in cellular processes that confer host resistance [29, 54, 55] .
In addition to studies involving stripe rust, in recent years, another common wheat fungal disease, powdery mildew, has also been assessed in relation to the role of miRNAs in regulating host defense signaling. For this purpose, construction of small RNA libraries and their sequencing was performed from both inoculated and non-inoculated leaves of two wheat cultivars differing in their sensitivities to Erysiphegraminis f. sp. tritic. Expression quantification of miRNAs was performed based on the sequencing data, followed by Northern blot verification. In all, 24 miRNAs were found to be responsive to powdery mildew infection in at least one cultivar (either sensitive or resistant). These miRNAs were further classified into groups according to their expression patterns in different cultivars: responsive to infection only in the sensitive genotype, only in the resistant genotype or in both [32] . These findings suggest that differential miRNA-mediated regulatory pathways may be present in the cultivars with different sensitivities, ultimately triggering different host defense response pathways, similar to the aforementioned observations in the case of wheat stripe rust [41] .
In addition to fungi, threats to wheat production also include viruses such as the wheat streak mosaic virus. In a recent study, wheat lines resistant to this virus were generated by the transformation of a polycistronic artificial miRNA precursor, targeting the virus conserved regions. To verify that virus replication has ceased in the transgenic lines displaying resistance, deep sequencing of small RNAs from leaves sampled from inoculated transgenic plants was performed using susceptible transgenic and nontransgenic lines as controls. Resistance was stably assessed after two generations; these plants did not show any symptoms following inoculation, and no virus remnants were detected by enzyme-linked immunosorbent assay [56] . This report is significant both in terms of efforts in developing cultivars resistant to wheat streak mosaic virus, and more in that the method used in this article can contribute to the discovery of new approaches for developing wheat lines resistant to more complex wheat pathogens.
Abiotic stress
The exploration of plant small RNAs was accompanied by a series of new information suggesting their possible roles in a variety of abiotic stress conditions. Expression data in relation to their differential accumulation in abiotic stress conditions have been accumulating, highlighting specific miRNAs as players in responses to stress conditions. Yet, further analyses are required in relation to these differentially expressed miRNAs to provide direct evidence for their functions in abiotic stress [51, 52] .
In recent years, several stress-responsive small RNAs were identified, and in such a study, a pool of different tissues was monitored in response to various abiotic stresses using Northern blotting. However, this study focused more on siRNAs, revealing the differential expression of four of these molecules in response to cold, heat, salt and/or dehydration stresses [36] . Yet, in two other studies, which adopted small RNA construction and sequencing, cold-or heat-responsive miRNAs were identified. In one these research, Xin et al. identified nine putatively heat-responsive miRNAs, of which miR172 was decreased and 8 others (miR156, miR159, miR160, miR166, miR168, miR169, miR827 and miR2005) were increased in response to 1 h heat stress in leafs of a heat-tolerant wheat line [30] . Further expression profiling of these miRNAs in a susceptible wheat line across a stress period of 0.5-1.2 h revealed four miRNAs (miR159, miR166, miR393, miR2002) that show differential expression patterns at specific time points in two genotypes. In another small RNA sequencing-based research, putative cold-responsive miRNAs were also identified in the spikes of the TGMS wheat line, which had been subjected to stress during the pre-pollination period. With qRT-PCR, six miRNAs (miR396a, miR444c.1, 172a, miR393, miR167d, miR167c) and one tasiRNA (tasiRNA-ARF) were verified to be cold responsive [32] .
Although high-throughput studies have been performed and identified heat-or cold-responsive wheat miRNAs, an in-depth monitoring of drought-related miRNAs in bread wheat is yet to be performed. Thus, recently our group performed expression profiling of miRNAs in response to 4 h shock drought stress in two leaf stage whole seedlings of Chinese Spring with qRT-PCR [H.Budak et al., unpublished data]. Three miRNAs (miR396, miR528, miR6248), computationally identified in a former study of our group [21] , were observed to have differential expressions in response to drought stress (Figures 1 and 2) . The expression levels of miR396 and miR6248 were observed to be increased up to 1.2-and 1.6-fold, respectively, in response to drought, whereas miR528 was 1.2-fold downregulated. These results highlight miR396, miR528 and miR6248 as putative drought-related miRNAs, but further analysis is required to verify their functional roles in drought stress [H. Budak et al., unpublished data] .
Considering all expression data, it is important to note that miRNA regulation is a complex process. An individual development-or stress-related cellular process can be regulated by several miRNAs. Besides, the expression level change of one specific miRNA can affect several development-and stressrelated cellular processes. To date, several miRNAs were shown to be responsive to multiple developmental processes or stress conditions. For instance, miRNAs were observed to show differential expression in a variety of conditions, during anther development and seedling growth; in response to heat, cold and drought stresses, as well as upon powdery mildew infection. Some studies conducted to quantify miR166 and miR396 expression are summarized in Figure 3 [30, 32] .
Identification and characterization of miRNAs are of great significance because they are the major posttranscriptional regulators of gene expression. The two basic methodologies currently used for miRNA discovery are sequencing of small RNA libraries and prediction by in silico methods using available sequence data. Thus, these sequencingbased approaches have vastly benefited from the recent development and widespread application of NGS technologies, resulting in a sudden increase in the number of known plant miRNAs. It is important to note that NGS was of major importance mainly for sequencing and dissection of large, repetitive and complex genomes like those of bread wheat and its progenitors. Accumulating wheat whole genome and chromosome-specific survey sequences were used by many researchers in computational miRNA identification, providing an opportunity to assess wheat miRNAs both in the subgenomic and whole genome levels. Besides, studies that adopt small RNA library sequencing have also contributed Mode of change in expression levels of miRNAs in response to different stress conditions (A) miR396 in response to cold, heat and powdery infection and (B) miR166 in response to heat, cold, drought and powdery mildew infection r: downregulation; AE : upregulation. CS: Chinese Spring; JD8: Jingdong8 (powdery mildew infection susceptible); JD8 -Pm30: Jingdong8 -Pm30 (near isogenic line of Jingdong8; powdery mildew infection resistant); Egt: powdery mildew fungus Erysiphe graminis f. sp. Tritici Isolate E09); TGMS: thermosensitive genic male sterile line BS366; TAM107: heat-tolerant line [30, 32] . Asterisks are used to denote cases where the members of the same miRNA family exhibit different expression patterns in response to stress.
to the known repertoire of wheat miRNAs, as well as highlighting some miRNAs, which show developmental stage-or stress-specific expression patterns, as candidates for regulators of development or stress responses. Considering the high number of wheat miRNAs discovered recently, we discussed to an overall knowledge on the wheat miRNA repertoire. At this point, one focus of research should be determining the miRNA conservation or divergence across wheat and its close relatives or progenitors, which may increase our understanding in relation to species-specific and conserved roles of miRNAs, as well as the relationship between miRNAs and evolution. Equally important, putative development-or stress-related miRNAs, which are promising in efforts for developing resistant and/or better yielding wheat cultivars, should be further investigated in relation to their functions.
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Key points
Development and widespread use of NGS in recent years has vastly contributed to miRNA identification studies, small RNA library sequencing, and in silico prediction using sequence data, especially in plants with complex genomes including bread wheat and its close relatives and progenitors. Computational miRNA identification using recently available wheat whole genome and chromosome-specific NGS data enabled researchers to investigate miRNA coding regions both in the whole genome and subgenomic levels. Small-scale miRNA conservation and divergence studies of wheat and its close relatives and progenitors have been performed but yet to be further investigated with an overall knowledge on the miRNA repertoire of these species. This is important to gain insights into species-specific and conserved roles of different miRNAs and the relationship between miRNAs and evolution. Several putative development-or stress-related wheat miRNAs have been identified through small RNA library sequencing and other expression-based studies. Function-oriented studies should be performed for these candidates, which may later serve to be useful in developing stress resistant and/or better yielding wheat cultivars.
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